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;yxE2~100mTorr, ^j^l^-hO. 1~10 
0 nm/m i ncO^T'Xyt y ^"J ^T'LT^^iX. 

'^i^Xim^^X:^'XBO. l~lmTo r r, 
hO. 1~1 0 0 nm/m i ncT^^T'XyN' y 

V^-rXfXJEO. l~100mTorr, ^^-h20 
-10 0 nm/m i ncJ^S&fr-CXyN" /^ U y^/LT^ 

■XfX=&fflV^T;'yx£E 0- l~100mTor 
— hO. l~10nm/mi nCO^-CX^-? 



•y 'J y^^LT ^^tut 5 0 n mja±<^]^S:*-rS 

im^ms] mm^mmvmbm-t^mmmm 
m^<^fimstmizitixm< i^:ibi:imbtm 
imm 1 m§i^sMmmmbm-t&mmmm 

I. t iimb-tim^ 1 JbS 6 cov ^-TfiA^tEMto 

mit^mimitir>(m^i^^j:i^bi:mLb-rm^ 



mb , mm^u^^nm:m^^tvf:i^^mb . 

tmfm^m b . mMrFm^m±m^^ tvtcmm 
Mb. mdmi^m±izm&^tif-:^jmmmmbi)^(> 
=5:0. tm^mmmmbm-tmsmn^mffmmm 
ipf^m.it^tiX\<^?>zb^mLb-thm'mibm7rm 

10 [0001] 

[mm-thmm] *^i±. m i m/m i sm 

[0002] 

[S!*<7)Sffil M I MS^^jSli. ^-imi*i-^ 

(Metal-Insulator -Metal) tV* 
a3^1i3li*-^.m$lX-Sm^^jgTfcO. MI S 

mrFSii. (Me t a 1 - I n s 

20 u 1 a t o r — S em i c o n d u c t o r ) iiV^d 3 

■CfcS. ■r=5:t>*>. 7x;P5U'<>;l'«^M=6:l>2ffia<7)^ 

^hii(OX'ht, 

[0003] Sfts ^$aT<.^I.M I M/M I 
S<7):^(i. a«Ji(C#S-ffiM^^Si:V^5 3S«OM 
IMfljjt<Ot«0*iig£TS)S. >lcr)MIM1iJScO«^^ 
30 i:LT. e!i.J^«Lhtc, T;^5-'>A-^^tr;^5- 
[0004] 

[3^*>«?^UJ:^t-rSPS] L*»L^:*>^, lsf*<^ 

M I M/M I ss^^jsii. ntammn x 1 0-5 a/c 
m2 nm. nmrn^m (ttajmss/^^^^-Kmss) 

*U X 1 0-3SSt d X 0 (c. lE^Scai1$1b!^+^ 
40 M/M I Slg^Mco^^ <m^i^ 

saw. hy^f\/m:tp±t^m^(mmzi-h<mifi 

ffi*t®t. M I M/M I sm=fM<7)m'7-b LX<7Mmz 

±^<^i^z.&m@c^ub-:>x'S) 0 . t&m^mcom 
mi3^x\>^hb±mmmb(7mm^<^j:*). m^^ft 

50 n^t,<7)-cfto. mi^»[ai!mt<7)ifii±L/::mi^&ajSi' 
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[0005] 

i&mm<r>mmif-&{tttih(7)Tt>t, lo 
[0006] *3^BBc7)ig2o®aji. ±§sm i 

fc^iOXyN-y ^ *J y^^X-^^tl^ 5 On mJJLh^OlK 

[00071 *%BH<om3 (^ffliani. ±^ 1 cosaitc 

#;yxS:±Bg5i-fc-t.5S^^x^fflv^T;<fxE2~ 1 0 
OmTo r r, ^Ml^— hO. 1~1 0 0 nm/m i n 

KO. l~lmTorr, ^l^-hO. l~100n 
m/m i nff^-CX/^ y ^ V y^LX^^tlfz 5 0 

[0008] *5£BH<7)§g4 (7)mmii. ±ssm i (ommiz 

#;yx&±fi£^>t-rSS^;<fX2rfflV^T;<rxE0. 1~ 
lOOmTorr, h 2 0~1 0 0 nm/m i 

lE^jBl*^ mxa^^b-tim,-^:^Xi:m\.^X:^ 30 
;^E0. l~100mTor r. ^U-hO. 1~1 
0 nm/m i n^JD^TX/N'-y ^ U yi^LXmS^^tlfz 
5 0 n mULJi<7)|^&^r-rSiSmf*^8fc tiOTJ) 

[0009] ^^m<^m6<7)imfnt. ±iEiii~iS5<7) 
mzittxn<ttii><7)X'hh, :^^m(r)m7(omm 40 

-rs»M«*S<oaiBfl**x>'N-y^'Xy^y^^{c:J: 0¥a 

mi-m7<7)WMizii\,^x. m.'mi&mii^^m'^^ 

[0010] ^m^(7)m9(ommit. sssfa^ss^^^w 
a-rs-itt05giaixm2s«i:. mmiwmmiz 
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i-^timf¥m<mmmiPf-Mit^iix i *> covh t . 

[001 1] 

Mmm(^'f-tktiim'^izi5\\x . ^'f-&m<r>±m^^ 

9ycr)3^i,zitLXilfxSXlimi^u-h^&< 
[00 12] 

mam^fii. ^- 5 -x 1 1 imitimwL 1 o±i' 

2. «^si 3. ai^Ks^tM-rs^J^iims 
1 5*>i^>^ro. «i^*&ai 2 fc^j^mei siatc 

1 5 i:s?t--s.«^iwi 1 3^05 nrnWRcommcommm 
J: 0 iztmi^m 1 3(omsm i a -kmrnm 1 3<rmM 

m 1 4 laJI-OS^i-til: L-C;yxjEX{±figlSW- b Srfi< 

SfiS. ^<^iifl:$ii^^®si4«. iimmi 3 

<0^iiiBl4lJU1^^)-lclfcLT«m^>»*^< (© 

[0013] c:«7)«^^Kti!m^^Ji, ^ffic^J^ISiMi 
1 5 Srimv d LSffi«:t- S -y 1 1 
mfiLi:L:t:J^-f:t-K-C'fcS<. ^T-S -y^'Sfiil Ifc^ 

Seisms 1 5 c7)ia tnEv A^ma utt^i&a i 
mmmi 3«. sfifisrcftscor, fflnim^:*:^?^ 

Jiffiig^® 13 -rsi:. m^tt. 

fill 5ffl!(C|fil<tT«ai*«l 3rt5:l^®rtS. :^J^m 

mi 5tt)fi{caL^tBi'{i. -edt-SSm^tiO-SR 

^tih. citohy^/P^KioT^j^^mi 5*> 

^'^'m(^Bflffi) 2tffi!ra$futa«EVct3j;-j 
TM^^i. ::iV9^mm 2t3^ii>il 
=i^^'^'f|g2tCJ4M4c3*W§ttTfcO. « 

[00 14]±iB<05}--5 y:?mffil li:LT<4. A 
1. Au. Pt^ri:C7)<aSfii<0^a«fl**'fflv^<5>itl,. 



5 

Wrmi^m 1 2 fc LT{±, ^ ( S i ) . 

A (Ge) , mfti^o^y (s ic) . b-fbTyy^A 

(GaAs) , U y-fk^f ^iZ-^A ( I nP) . -fcPy^b 
^I^HS-^A (CdSe) :5ri:\ IV;K. HI -V II- 

[00151 x<i. wmikmcomt ixa i . a 

u , A g , C u ^ fc'f^STt^r^T'ft S*^ S c , T 
i, Cr. Mn. Fe, Co, Ni, Zn, Ga, Y, 
Zr, Nb, Mo, Tc. Ru, Rh, Pd, Cd, L 
n, Sn, Ta, W, Re, Os, Ir. Pt, Tl, 
Pb. La, Ce, Pr, Nd, Nd. Pm, Sm. E 
u, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu 

[00161 i&mmco^mimb Lxamfmms 
iox. (Kim'iriti:^) tmz^mvhtifi. L 



iOi 


, LiNx 


, NaO 


X , KOx 


, RbOx . Cs 


Oi . 


BeOi , 


MgOx 


, MgNx 


, CaOx , Ca 


Nx , 


SrOx , 


BaOx 


, ScOx 


, YOx . Y 


Ni , 


LaOx , 


LaNx 


. CeOx 


, PrOx , Nd 


Ox , 


SmOi , 


EuOx 


. GdOx 


. TbOx , Dy 


Ox , 


HoOi , 


ErOx 


, TmOx 


, YbOx , Lu 


Oi , 


TiOx , 


TiNx 


. ZrOx 


, ZrNx , Hf 


Ox , 


HfNx , 


ThOx 


, VOx , 


VNx , Nb 


Ox . 


NbNx , 


TaOx 


. TaNx 


, CrOx . Cr 


Nx , 


MoOi . 


MoNx 


, WOx , 


WNx , Mn 


Ox , 


ReOx . 


FeOx 


, FeNx 


, RuOx , Os 


Ox . 


CoOx , 


RhOx 


, I rOx 


, NiOx , Pd 


Ox , 


PtOx . 


CuOx 


, CuNx 


, AgOx . Au 


Oi , 


ZnOx , 


CdOx 


, HgOx 


, BOx , B 


Nx , 


AlOx , 


A 1 Nx 


, GaOi 


. GaNx . I n 


Ox . 


TiOx , 


Ti Nx 


. S i Nx 


, GeOx . Sn 


Ox , 


PbOx , 


POx , 


PNx , AsOx . Sb 


Ox . 


SeOx , 


TeOx 





[0017] tti. L i A 1 O2 , L i 2 S i O3 , L 
i2 Ti03 , Na2 AI22O34. NaFe02 , Na 
4 S i O4 , K2 S i Os , K2 T i Os , K2 W 
O4 , Rb2 Cr04 , CS2 Cr04 . MgAl2 O 
4 , MgFe2 O4 . MgTiOa , CaTiOa , C 
aW04 , CaZrOs . SrFei20i9, SrTiO 
3, SrZrOa , BaAl2 O4 , BaFei20i9, 
BaTiOa . Y3 AI5O12. Y3 Fes O12. La 
Fe03 , La3 Fes O12, La2 Ti2 O7 , Ce 
Sn04 , CeTi04 , Sma Fes O12, EuFe 
O3 . Eu3 Fe50i2, GdFe03 , Gd3 Fes 
O12, DyFeOs , Dy3 Fes O12, HoFe 
O3 , Hoa Fes O12, ErFeOa , Era Fes 
O12, Tm3 Fes O12. LuFeOa . Lua Fes 
O12, NiTiOa , AI2 T i Oa . F e T i O3 , 
BaZrOa , LiZrOa , MgZrOa , HfTi 
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O4 , NH4 VO3 , AgVOs , LiVOa , BaN 
b2 Oe , NaNb03 . SrNb206 , KTa 
Oa , NaTaOa , SrTa2 Oe . CuCr 

2 O4 , Ag2 Cr04 , BaCr04 , K2 Mo 

O4 . Na2 M0O4 , NiMo04 , BaW04 , N 
a2 WO4 . SrW04 , MnCr2 O4 , MnFez 
O4 . MnTiOa , MnW04 , CoFez O4 , Z 
nFe2 O4 , FeW04 , C0M0O4 , CoTiO 

3 , C0WO4 , NiFe2 O4 , NiW04 , CuF 
10 e2 O4 , CUM0O4 , CuTiOa , CuW04 , 

Ag2 M0O4 , Ag2 WO4, ZnAl2 O4 , Zn 
M0O4 , ZnW04 , CdSn03 , CdTiOs , 
CdMo04 , CdW04 , NaA102 , MgAU 

04 , SrAl2 O4 , Gda Gas O12, InFeO 
3 , Mgl n2 O4 , AI2 TiOs , FeTiOa , 
MgTi03 , Na2 S i O3 , CaSiOs , ZrS 
i04 , K2 GeOa , Li2 G e Oa , Na2 GeO 
a , Bi2 Sn3 O9 , MgSnOa , SrSnOa . 
PbSiOs , PbMo04 , PbTiOs , Sn02 

20 -Sb2 03.CuSe04,Na2SeOa,ZnS 
eOa , K2 TeOa , K2 Te04 , Na2 Te 
O3 , Na2 Te04 ^t^CO^m^^Mim. FeS, 
AI2 Sa , MgS, ZnS^}i<rmmi. LiF, M 
gF2 . SmF3 ^}::(Dyy{m. HgC 1 , FeC 1 
2 , CrC la ^h:(D&m. AgBr. CuBr, M 
nBr2 ^j:iiCOm^m. Pb I2 . Cu I, Fe I2 ^ 
h:<DB^^m. X«i. S i A 1 ON^iitfO^JR^ftS^k; 

xr-^^r'eyv. yy-uy (C2n) ^ifco^. 

30 {±. AI4 C3 . B4 C. CaC2 . C ra C2 . Mo 
2 C. MoC. NbC. SiC. TaC. TiC. V 

c. W2 c. wc. zrc^j:}^(o±mmmi>^x'f> 

0. C6o{Cft^$*tS«W«tt^^T'C32-C96o =5: if 
tt:. ±^^. Ox. NxOxtiM^itSrS 

[0018] m=Ft!c\iim<D^msmmifAt txitp 

t, Au, W, Ru, I r^i:(0^mti^^ThhfP. 
Al, Sc.Ti, V, Cr, Mn, Fe, Co, N 
40 i. Cu, Zn, Ga. Y, Zr, Nb. Mo. Tc. 
Rh, Pd, Ag, Cd, Ln, Sn, Ta, Re, O 
s, Tl, Pb. La, Ce, Pr. Nd, Pm, S 
m, Eu, Gd, Tb, Dy, Ho, Er, Tm, Y 
b, Lu=5:i:tfflv^^>fi*§6. 

[0019] m^mm i oco«ff«;«r^xc7)fi!it. a i 

2 Oa , Si3 N4 . BN^cO-b^S*/^XT'ifiV\ 

mrChhifi. %^mm. CVD (chemical vapor de 
50 position V-^T^V^z/sy^. MBE (mol 
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ecular bean epitaxy ) ffi. 4 :^y\z—J^XJ^'y^O 

[00201 (HifeM) mtfuz^'fmm'fii^mL 

l» y LT^3 0 0 n mCD^r- 5 y L , 

»:i^-C3l--5 y^'«ffi±t=i^'J3y (S i ) iXf'i v^ 

yS«<^mi^l&^±{;2K^i-^S ( s i 02 ) 

^••y:?i;y^L. 0~5 0 0nm<0|gffl-CllifSr^fl:$ 

[002 11 C:<7)ffiJg«cJi{i. Ar. Kr, XeftSV^ 

L. 02 , N2 . H2 ^i:SrS^L:rv:S-^;<rx^ffll\ 
5t^;&'XE2~l OOmTo r r. ^l^-hO. 1~ 
lOOnm/mi nlSFtKJiO. 5~100nm/m 
i ncrtXnv^^nX'^^tl. iJ^V^T'. S^5 nm 

l — lmTorr {Z^ttlXn-y ^J'^T^LT 

^ixtz, tfz. :i<7)Xdizm^$itf::S i 02 
i7)^ffiJii:C:<oafflaiyi1<?5S i O2 
tnmi^^m'^tt:t:i^. lo^tilx 1 oi^q - cm 
X'$>h<7)lcnL. X 1 0i3fi • cm-Cj>->/v:, 

■r5:*>*>, s i 02 i&mm<rmmm(^mmimii. 
z<7)^mmm^si 02 ^sg^som^jE^titL 

[ 0 0 2 2 ] i^S, J:a<7)J; 0 izA'xEir^it^-^tith 

-r^j:hh. ^mmt:. Ar. Kr. Xe^>S^^ 

O2 . N2 . H2 ^j:ii^m^Lt^M^:^'xim\'\ 
%-rifXKO. l~100mTorr. )«ISV-h20 
— lOOnm/mi n<OX>'< /^'^fr-C^L« iX*-^ 
T\ mo 5 n mW^i^xmm tX'WiMV- V i 
0. l — lOnm/mi n{C^;tytX/'?y^'^-C^ 

[0023] ±ie<^««Si»i*®<^fiRIS{-fcV%-C. X^^-y 9 
;{rxtAr^fflV^Sf:-i5S i 02aii^®<7)^M*^ 

±iacoJ; d{::s i O2 ffiS^ffl^i£Km. S i O2 ^ 
s::i:tJ:0, ^(y\,z^m.it-fh:ibtpX'%h. :i(nx 

yN-.yrJ'Xy-fy^^Ji. ArXttXeX{iKr;»yx$:ffl 
V\ ;>yxff0. l~100mTorr. 50~1000 
WtfD/N'^-f 1 ~ 6 0 0 . 
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[00241 Xf^'/ 9 D >'^^S<?5^'— y y Y'^xn-j 

xj^mtfr^T'^jf Lit fc ^ ^ . i^H^Bas^oiii^^ I c 
bT'tii^yrxmzxh^^n-m^i 3i tipmm^ti 

^^mimmfmuiz pt^xn^/^^jyvLx^m- 

10 1 0 n m<0^^1i®®S-?^l« t T . ^SOfgi^S: 

[00251 -:sr, if7xmik.^mmmm^t:>^£h 
:3V99%m. imni^mimzmmm^LxmmL^: 

e&ixrj ^'€®3Er»'iti6j-r 5 i 9 ^^¥^f 1 1 0 n mg 

JS^LTX^— ^ffci: Offi^L. OSSSr 1 0-''To r 
rXJilO-sPacOSSfc^L. S^^KJtiS^^ai 

S i O2 S WlSJf{c«lEL:t^^^*-K« 
20 m I d&t^J!jaj«g£ I e iW^Lti, 

[00261 a2Mt^C03«. f^L^m^^RJiJ^i^ 
<03r-5 -y ^'miiSrSfiMfii: Lr3j--5 >y 
mK«li<?5SJcmE V d i& 0 ~ 2 0 0 V(r>^X'm\ 

Q<m^m\zm:(r>%=i-Wi\mw^ {le/idxm 

02Ml^tca3*>^.BB'^>*»^rJ:^(~. 
Onm*»<?>MltrtS**. Si02 «<7)K)f 3 0 0~5 0 
0 niiic7)«^T'ft:teKaj«^l X 1 0-5A/C m2 . ® 
:*;€^^S(til^lxiO-»gS*^^<i>*i/v:. ic^Si 
30 0. 200vmTtoB*S:Jni.SC:ttc:J:0. ixio 
-6 A/c m^tUii^fttlimsS. 1X1 0-31^Lh^7)«^S( 
ai^^*»\ )^5 0nmmJbiff^L<«, 2 0 0-5 0 
OnmOS i O2 ^\mi^hm=fi^^t^'^hilh^ 

[00271 ^it. m.mi^m^Lt:-=i\^9 ^mmjf 
^WMWknM(m\,zmA v.vm&.^maLfiMMx 
(i. s i 02 m(om- 5 0 n m\;j±<r>m=f-x^^wm, 
w,znm-hm<oi^*£^%f^9-y-bmm^ixtt. z. 

<7i:it\t. ^JS^{4Tt;P-7rXS i02 ®3&>^><7)ll 
ai^>f ^- F L-C , ^i'HSXti^mjteXti^Jl^c^m 

[ 0 0 2 8 1 x^N- -y ^ 'J yyx'^\^ Lti^w.m(r)mm 

iiSEUXm^Lltt^b. CVDTSKJ^LJtt><7)i;{4 
M^O, 2 0nmgScoea!*^^>'5rS::h^!^fcLT 

h y^)vmmj)^mih t\^o mm^£m.\i^(nm.\z^ 

mt^yt^Lhtlh. -r^sh-h. Si02 li, *5|^ 

50 flcTAS**. smsv^«-e<ojg^ti%4L^v^^^ 
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[0029] *7t. ±IB<?5i dies i 02 S^mf*:®iO^ 
tiaa^¥Ji'(fcS!ffliL5tm^»aJS^fcS i O2 

® fc^i^ffi€Si«OlStcmEV d 5r 0~ 1 0 0 V(7)Ka 

t±, s i 02 wmwm(r>mmmi^mxmLiim-w. 
]tim=f-m.'i!>^w&i^L. Bji. s i02 wmwm 

{±9ttn«EVd*J5 OVi&@i.Sa03&^4>«^^SrJfcajt 
i&*7 OVmxIiSiajmSlI eA>2X 1 O 'A/cm^ 

aiLJ&*^^<0*«7 0VS:je;t/v:ffl')-C. ifeffimSSI e*5 20 
2X10-*A/cm2 (Cjli-S<^*»'9OV^@i.Jt210 
fc^rl. . CcOcfc 3 tcs i O2 ^frl<oaiBS5:¥Sfl: 

[00 3 01 ±S(7)j:3{-si02 mmim(^ 
mm^^wcsmLtMFf-ik^n=Ft s i 02 

X. JSciiimggI ec^l^ra^^aiSL^. 06 (a) 

tt. si02 ^«c«(7)^®e&¥ia'fl:5!UiL^m^ift 

ai*^<^&tBSggm^»^S:*U. 06 (b) 

HH^*^^:<t^i:s i 02 mm/^m(r>^mmi^mam 

[0031] I17{±. lll£7)t8^^1Jtai^i^^fflV%7t11^ 

t±, m^m^ yj^Ammim ( i to ) , mm ( s 4o 

nO) . mUSm (ZnO) ^}fi)-(>^&mL<0^^(^ 
f*cl3R, 3G. 3BtiHtl^tim^^iVX:\^h. 

[0032] -^r. 1 o<r)nm {mm^tn^ 

«<^3i-- 5 y ^'tge 1 1 1fS.\^\,Z^fiizm^WM.^tlh 50 



^^10-312741 
1 0 

Si02 . SiN, , AI2O3 . Al N^ri:C0iffi8# 

mm 1 2 . ffi^B 1 3 . ^mmm 1 5 
mm&^tixmL<r)mrf-m&m^si)<m^^tix^^h, 

6<o<^-rs:tri6it?B^TBi^i-s#€^Sc 
5, yN'xmei 6ji, ffi^ai 7t^ 

-ri. J; 5 t^m^Hmfii 1 5 c7)^ffiS:S^S4 t 

x^^^-^^ii>if)(^m<nmni)m-r^tix^'^h. 
xoiz^m{mM^tix\.^i (0^^) . 

[0033] Jf-S x^J'SSl lOtt^ktttt^ A 
u . P t . A K Vf^ifco-^iz I ccom^izm^^i^ti 

^mx. ^m'FummmL^mkti>i^-'^j:m^x 

[0034] 1 50«KJ4. «i^Stai<0® 

Cs. Rb. Li. Sr. Ba. Ca. Mg& 

izii, ^m^<^t'm^z^^^m. mm. a 

u. Pt, Lu. Ag. Cu&X/^tih<r>^^'Ci:}iiP3. 
ffil6<7)ff^t LTJl. Au. Pt. AK W^iiff)- 

mizic(r)m&izm^^^tii^^x\ ^m=fizmmm 

mm-tUzS^tm^X. mx.iiO. l-50nmg 

tm^xhh. ^^iz. :^mmm^miiim=F-ii. mm 
Dxi^^ h u=~9x%=i-^£)f:(r>m'^'^^z%m:^ . s 

(o\,zWSaL\iW^<rm,'m&y^ H k LT . 

HXtiu— f a- Y b Lxmt^'^mxh^, 

[02 1 *f6B«tj:siSi^a:ai^?tt5ttsmi^iftai« 
ligos i 02 m(r>mm^iti:^'mts>^. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide an electron emitting 
element with improved 
electron emission property. 

SOLUTION: This element comprises an electron supply layer 
made of a metal of a 

semiconductor element, an insulator layer 12 formed on 
the electron supply 

layer, and a metal thin film electrode 15 formed on the 
insulator layer 12 and 

electrons are emitted out of the surface of the metal 
thin film electrode 15 to 

vacuum by applying voltage between the electron supplying 
layer and the metal 

thin, film electrode 15. In this case, the surface layer 
of the insulator 

layer 12 adjacent to the metal thin film electrode 15 is 
leveled. Moreover, 

regarding the insulator layer 12, the surface layer of 
the insulator layer 12 

is made to be a dielectric layer with 50 nm or larger 
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thickness formed by 

sputtering in the condition of a lower gas pressure or a 
lower film forming 

rate than those for forming the part of the insulator 
layer 12 besides the 
surface layer. 
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